(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

30.05.2001 Bulletin 2001/22 

(21) Application number: 00125686.6 

(22) Date of filing: 23.11.2000 



(11) EP1 103 962 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: G11B7/24 



(84) Designated Contracting States: 


• Watanabe, Hldetoshi, Sony Corporation 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Tokyo (JP) 


MCNLPTSE TR 


• Kurokawa, Kotaro, Sony Corporation 


Designated Extension States: 


Tokyo (JP) 


AL LT LV MK RO SI 


• Yamamoto, Masanobu, Sony Corporation 




Tokyo (JP) 


(30) Priority: 26.11.1999 JP 33548899 






(74) Representative: MULLER & HOFFMANN 


(71) Applicant: SONY CORPORATION 


Patentanwaite 


Tokyo (JP) 


Innere Wiener Strasse 17 




81667 MUnchen(DE) 


(72) Inventors: 




• Sabl, Yuichl, Sony Corporation 




Tokyo (JP) 





(54) Optical recording medium having an organic recording layer 



(57) The present invention provides an optical re- 
cording medium including a recording layer (4) contain- 
ing an organic material as a recording material and a 
dielectric layer (5) arranged so as to cover at least one 



main surface of the recording layer (4). With this config- 
uration, the organic material will not be dissolved into 
an adjacent layer and it is possible to perform an accu- 
rate recording/reproducing. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to an optical re- 
cording medium including a recording film containing an 
organic material as a recording material. 

Description of the Prior Art 

[0002] Conventionally, a write-once optical disc 100 
as shown in Fig. 1 is known as one of an optical record- 
ing medium in which recording can be performed. This 
write-once optical disc 100 has a thickness of 1.2 mm 
and includes a signal recording block formed to have a 
guide groove 102 on one surface 101a of a light trans- 
mitting layer 1 01 which a laser beam can transmit during 
recording and reproducing, an information recording 
layer 1 03, a reflection film 1 04, and a protection film 1 05 
which are successively layered above the signal record- 
ing block. 

[0003] The light transmitting layer 101 is formed as 
follows. Firstly, a stamper created in a mastering step is 
attached into a cavity of an injection molding apparatus. 
Next, a resin such as polycarbonate in a heated molten 
state is poured into the cavity and this resin is compres- 
sion-molded to obtain the light emitting layer 101 . That 
is, in this write-once optical disc 100, the light transmit- 
ting layer 101 is formed as a substrate having a guide 
groove 1 02 prepared by transfer of convex and concave 
formed on the stamper. 

[0004] The write-once optical disc 1 00 is prepared as 
follows. An organic pigment material as the information 
recording layer 103 is layered on the surface having the 
guide groove 102 of the light transmitting layer 101 pre- 
pared as has been described above. Furthermore, the 
reflection film 104 is formed by the vacuum sputter 
method as coated with a metal material such as gold 
and silver because the information recording layer 1 03 
has no sufficient reflectance. Moreover, in order to pre- 
vent deterioration of the information recording layer 1 03 
and the reflection film 104, the protection film 105 is 
formed so as to cover the reflection film 104. 
[0005] Here, the information recording layer 103 is 
formed by the spin coat method using a paint prepared 
by an organic pigment material dissolved in an alcohol 
solvent such as tetraf luoropropanol and hydroxymethyl 
butane. 

[0006] In the write-once optical disc 100 thus pre- 
pared performs, a signal recording and reproducing are 
performed using an optical pickup unit of a recording/ 
reproducing apparatus. Here, the optical pickup unit ap- 
plies a laser beam of a predetermined wavelength via 
an objective lens L from the side of the light transmitting 
layer 101 to the information recording layer 103. Thus, 
in the write-once optical disc 100, an information signal 



can be recorded and reproduced. 
[0007] In recording/reproducing, a laser-focused spot 
should be formed accurately at a predetermined posi- 
tion. The light transmitting layer 101 serving as a sub- 
5 strate is deformed by stress, heat, and humidity, and the 
coma aberration of the laser beam is increased depend- 
ing on the substrate inclination called skew. On the con- 
trary, when the substrate skew is assumed to be con- 
stant, it is possible to form a spot of less coma aberration 
10 when the substrate has a smaller thickness. 

[0008] By the way, recently, a higher density is at- 
tempted by reducing the laser beam spot diameter by 
increasing the numerical aperture NA of the objective 
lens L in the optical pickup unit and by reducing the re- 
cording track interval (track pitch) formed in the informa- 
tion recording layer 1 03. More specifically, there is a ten- 
dency to use an object lens L having NA not less than 
0.78. 

[0009] However, when such an object lens L having 
NA not less than 0.78 is used, in the write-once optical 
disc 1 00 including the aforementioned optical transmit- 
ting layer 101 having a thickness of 1.2 mm, the spot 
aberration for a predetermined skew and an accompa- 
nying reproduction signal deterioration become remark- 
able. Accordingly, it has been difficult to produce a write- 
once optical disc 1 00 using as a substrate the light trans- 
mitting layer 101 having a thickness of 1.2 mm. 
[001 0] In order to solve this problem, as shown in Fig. 
2, there has been developed a write-once optical disc 
including a substrate 106, a reflection layer 107 formed 
on the substrate 1 06, an information recording layer 1 08 
formed on the reflection layer 107, and a light transmit- 
ting layer 1 09 formed on the information recording layer 
108. In the write-once optical disc shown in Fig. 2, the 
light transmitting layer 109 can have a reduced thick- 
ness and it is possible to perform recording/reproducing 
using an optical pickup unit using an objective lens 110 
having NA not less than 0.78. More specifically, when 
the objective lens 110 having NA not less than 0.78 is 
used, it has been suggested that the light transmitting 
layer 1 09 preferably has a thickness in a range from 1 0 
u.m to 177 u.m. in this case, the light transmitting layer 
1 09 is formed from an ultraviolet ray hardening resin or 
by a transparent flat plate such as polycarbonate or 
glass plate, which is arranged on the information record- 
ing layer 1 08 via a transparent adhesive layer. 
[0011] As for the organic material used for the infor- 
mation recording layer 108, as has been described 
above, since the information recording layer 108 is 
formed by the spin coat method, those that can be dis- 
solved in organic solvents are used. However, such an 
. organic material that can be dissolved in an organic sol- 
vent is also dissolved with respect to the ultraviolet ray 
hardening resin and the transparent adhesive layer 
used when forming the light transmitting layer 109. For 
this, if the information recording layer 106 is dissolved 
by the ultraviolet ray hardening resin and the transpar- 
ent adhesive layer, the function of the information re- 
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cording layer 108 is damaged. Thus, the conventional 
write-once optical disc has a problem that the organic 
material is dissolved in the light transmitting layer 109 
and cannot perform an accurate recording/reproducing. 
[0012] Moreover, there is a case that an organic ma- 
terial that cannot be dissolved by alcohol. In this case, 
it should be dissolved in a solvent such as tetrahydro- 
furan. However, when a solvent such as tetrahydrofuran 
is used, the resin constituting the substrate 106 is dis- 
solved when forming the information recording layer 1 08 
by the spin coat method. This causes a problem that the 
guide groove formed on the substrate 1 06 is deformed. 

Summary of the Invention 

[001 3] It is therefore an object of the present invention 
to provide an optical recording medium in which even 
when an organic material is used as the recording ma- 
terial, no dissolving occurs between adjacent layers, 
and which can perform accurate recording/reproducing. 
[0014] In order to achieve the aforementioned object, 
the optical recording medium according to the present 
invention includes a recording layer made from an or- 
ganic material, a light transmitting layer, and a dielectric 
layer arranged between the light transmitting layer and 
the recording layer. 

[0015] In the optical recording medium having the 
aforementioned configuration according to the present 
invention, the organic material contained in the record- 
ing layer is protected by the dielectric layer. Accordingly, 
in the optical recording medium according to the present 
invention, it is possible to prevent dissolving of the or- 
ganic material or dissolving of a material constituting an 
adjacent layer into the recording layer. 

Brief Description of the Drawings 

[0016] Fig. 1 is a cross sectional view of an essential 
portion of a conventional optical disc where a laser 
beam is applied from the substrate side. 
[0017] Fig. 2 is a cross sectional view of an essential 
portion of a conventional optical disc having a light trans- 
mitting layer. 

[0018] Fig. 3 is a cross sectional view of an essential 
portion of a write-once optical disc as an example of an 
optical recording medium according to the present in- 
vention. 

[0019] Fig. 4 is a microscopic photograph of a surface 
of an optical disc A including a dielectric layer having a 
thickness of 10 nm. 

[0020] Fig. 5 is a microscopic photograph of a surface 
of an optical disc B including a dielectric layer having a 
thickness of 50 nm. 

[0021] Fig. 6 is a microscopic photograph of a surface 
of an optical disc C including a dielectric layer having a 
thickness of 100 nm. 

[0022] Fig. 7 shows the relationship between the 
thickness of the organic film containing an organic ma- 



terial and the reflectance. 

[0023] Fig. 8 shows a brief configuration of an exper- 
iment system for explaining the operation principle of the 
optical-oriented organic material. 
5 [0024] Fig. 9 shows the relationship between the die- 
lectric layer film thickness and the quantity of reflecting 
light. 

[0025] Fig. 1 0 is a cross sectional view of an essential 
portion of a write-once optical disc shown as another 
*0 optical recording medium according to the present in- 
vention. 

Detailed Description of Preferred Embodiments 

15 [0026] Description will now be directed to an optical 
recording medium according to a preferred embodiment 
of the present invention with reference to the attached 
drawings. Here, explanation will be given on a write- 
once optical disc 1 shown in Fig. 3 as the optical record- 
ing medium according to the present invention. 
[0027] This write-once optical disc 1 includes a sub- 
strate 2 formed in a disc shape by Injection molding of 
a synthetic resin such as polycarbonate on which a re- 
flection layer 3, a recording layer 4, a dielectric layer 5, 
and a light transmitting layer 6 are successively formed. 
That is, the write-once optical disc 1 includes the reflec- 
tion layer 3, the recording layer 4, the dielectric layer 5, 
and the light transmitting layer 6 which are successively 
formed in this order from the side of the substrate 2. 
[0028] In this write-once optical disc 1 , with an objec- 
tive lens 10 is arranged at a position to oppose to the 
light transmitting layer 6, a laser beam having a prede- 
termined wavelength is applied for recording of an infor- 
mation signal and reproducing of a recorded information 
signal. It should be noted that in this write-once optical 
disc 1 , an information signal can be recorded only once 
in the recording layer 4. The information signal once 
written cannot be rewritten. 

[0029] Firstly, explanation will be given on the sub- 
strate 2 and the reflection layer 3 of this write-once op- 
tical disc 1 . The substrate 2 is prepared using a known 
resin material which is usually used for a substrate in 
the so-called optical disc. That is, the substrate 2 is 
formed by an injection molding processing a stamper 
prepared by a so-called master creation process. How- 
ever, in the present embodiment, the substrate 2 need 
not have a light transmitting characteristic because the 
laser beam used for recording/reproducing need not 
transmit the substrate 2. Accordingly, the substrate 2 
may be made not only from known resin materials used 
in the conventional optical disc but also resin materials 
not having the light transmitting characteristic. Thus, 
there is a wide range of selection for the resin material 
used for preparing the substrate 2. It is possible to select 
materials satisfying various factors such as mechanical 
characteristic, thermal characteristic, surface character- 
istic, transfer characteristic, and the like. 
[0030] More specifically, the substrate 2 may be used 
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from resin materials such as polycarbonate, methacrylic 
resin, acrylic resin, polyolefine resin, epoxy resin, and 
other plastic materials. For example, the substrate 2 is 
formed using polycarbonate with a thickness of 1 .2 mm. 
[0031] The substrate 2 has on its one surface a 
groove and/or a pit string formed by transfer of a convex- 
concave pattern formed on a stamper used in the injec- 
tion molding process. The groove is formed in concen- 
tric circles or in a spiral shape to be used as a guide 
groove of the laser beam applied for recording/repro- 
ducing. 

[0032] Moreover, the reflection layer 3 is formed on 
the surface of the substrate 2 having the groove and the 
pit string and is arranged so as to improve the reflect- 
ance of the laser beam applied from the side of the light 
transmitting layer 6 during recording/reproducing. The 
reflection layer 3 is formed as a thin film to cover the 
groove and/or the pit string. More specifically, the reflec- 
tion layer 3 is made from a metal material such as Al, 
Au, and Ag. From the viewpoint of the reflection char- 
acteristic, it is preferable to use a material containing at 
least Al. Moreover, the reflection layer 3 Is formed from 
the aforementioned materials using the ion beam sput- 
ter, magnetron sputter, or vacuum deposition. More spe- 
cifically, the sputtering method is used to form an Ag film 
with a thickness of about 100 nm. 
[0033] In this write-once optical disc 1 , since a laser 
beam is applied from the side of the light transmitting 
layer 6 for recording/reproducing, the laser beam is ap- 
plied onto the opposite surface of the reflection layer 3 
not facing the substrate 2. That is, the surface of the 
reflection layer 3 serves as a reflection surface of the 
laser beam. When the reflection surface does not have 
a preferable surface characteristic, the laser beam may 
cause irregular reflection which is observed as a noise 
component. For this, the reflection layer 3 is preferably 
made from a material which exhibits an excellent sur- 
face characteristic after the film formation process. 
[0034] Moreover, in the write-once optical disc 1, 
there is a tendency to use a laser beam having a short 
wavelength so as to obtain a high-density recording. For 
example, a laser beam having a wavelength of about 
400 nm is now used. Accordingly, the reflection layer 3 
is preferably made from a material exhibiting an excel- 
lent reflectance for the laser beam having a Wavelength 
of about 400 nm. 

[0035] As the material having an excellent surface 
characteristic after the film formation process and ex- 
hibiting an excellent reflectance for the laser beam of 
short wavelength, there can be exemplified an Ag, Ag 
alloy. Al alloy, and the like, and especially preferable to 
use Ag. 

[0036] Next, explanation will be given on the record- 
ing layer 4. The recording layer 4 contains an organic 
material as the recording material. More specifically, the 
organic material may be cyanine-system or phthalocy- 
anine-system organic pigment material. When forming 
this recording layer 4, the organic material as the record- 



ing material is firstly solved in a solvent such as alcohol 
to obtain a paint. The paint containing the organic ma- 
terial (hereinafter, referred to simply as a paint) is ap- 
plied by the spin coating method or the like to form a film 
5 which is dried to obtain the recording layer 4 having a 
thickness of about 120 nm. 

[0037] Here, the paint is directly applied onto the re- 
flection film 3 or the substrate 2 and accordingly, it is 
preferable to use a solvent which will not corrode the 

io reflection layer 3 or dissolve the substrate 2. More spe- 
cifically, the solvent is preferably alcohol such as 
tetrafiuoropropanol. Accordingly, the organic material is 
preferably selected from materials having an excellent 
solubility with respect to alcohol such as tetrafluoropro- 

15 panol. 

[0038] It should be noted that in the write-once optical 
disc 1 , the organic material is an organic pigment ma- 
terial. However, in this invention, it is also possible to 
use as the organic material an organic light-orientation 

20 material in which molecular orientation is changed when 
subjected to a polarized light. 
[0039] Next, explanation will be given on the dielectric 
layer 5 and the light transmitting layer 6. The dielectric 
layer 5 is formed, for example, using a material such as 

25 Si0 2 , Si 3 N 4 , and AIN so as to cover the recording layer 
4. For example, when forming the dielectric layer 5 from 
Si0 2 , after the recording layer 4 is formed, a reactive 
sputtering is performed using Ar+ 0 2 gas mixture as the 
sputtering gas in a sputtering apparatus where a Si tar- 

30 get or a Si0 2 target is arranged. 

[0040] Moreover, the light transmitting layer 6 is 
formed by forming a paint film of a predetermined thick- 
ness from an ultraviolet ray hardening resin using the 
spin coating method and applying ultraviolet ray to the 

35 film. More specifically, the light transmitting layer 6 is 
formed by the spin coating method so as to have a film 
thickness of 1 0 urn to 1 77 u.m after hardening. When the 
light transmitting layer 6 has a film thickness of 10 urn 
to 177 urn, it is possible to suppress the aberration of 

40 the recording/reproducing spot obtained by an optical 
system including an objective lens having NA not less 
than 0.78 for example as well as to suppress the dete- 
rioration of a reproduction signal due to the aberration. 
[0041] It should be noted that in the write-once optical 

45 disc 1 , the light transmitting layer 6 may also be pre- 
pared by using a polycarbonate substrate or a glass 
plate formed with a predetermined thickness which is 
layered via a transparent adhesive layer. 
[0042] In the write-once optical disc 1 having the 

50 aforementioned configuration, the dielectric layer 5 is 
formed between the light transmitting layer 6 and the 
recording layer 4 and the light transmitting layer 6 is not 
in contact with the recording layer 4. If the light trans- 
mitting layer 6 is in contact with the recording layer 4, 

55 the organic pigment material contained in the recording 
layer 4 is dissolved into the ultraviolet ray hardening res- 
in used for the light transmitting layer 6. However, in the 
write-once optical disc 1 , the recording layer 4 is sepa- 



4 



5/25/2007, EAST Version: 2.1.0.14 



7 



EP 1 103 962 A2 



8 



rated from the light transmitting layer 6 by the dielectric 
layer 5 and there is no danger of dissolving the organic 
pigment material of the recording layer 4. 
[0043] Accordingly, in this write-once optical disc 1, 
the function of the recording layer 4 is not lowered or 
damaged and it is possible to accurately record an in- 
formation signal. In other words, the write-once optical 
disc 1 including the dielectric layer 5 formed between 
the light transmitting layer 6 and the recording layer 4 
enables to accurately record/reproduce an information 
signal, thereby enhancing the reliability. 
[0044] Moreover, in the write-once optical disc 1 , even 
when the light transmitting layer 6 is formed via a trans- 
parent adhesive layer, the transparent adhesive layer is 
formed on the dielectric layer 5 and not in contact with 
the recording layer 4. Accordingly, in this case also, 
there is no danger of dissolving of the organic pigment 
material contained in the recording layer 4 to lower the 
function of the recording layer 4. 
[0045] On the other hand, the dielectric layer 5 pref- 
erably has a film thickness sufficient to prevent dissolv- 
ing of the organic pigment material from the recording 
layer 4 into the light transmitting layer 6. More specifi- 
cally, when forming the dielectric layer 5 from Si0 2 by 
the sputtering method, the dielectric layer 5 preferably 
has a film thickness not less than 1 00 nm. To verify this, 
a write-once optical disc was actually prepared as fol- 
lows and dissolving of the organic pigment material in 
the recording layer 4 was checked by visual observa- 
tion. 

[0046] For verification, we prepared an optical disc A 
including the dielectric layer 5 with a thickness of 1 0 nm, 
an optical disc B including the dielectric layer 5 with a 
thickness of 50 nm, and an optical disc C including the 
dielectric layer 5 with a thickness of 100 nm. Fig. 4 
shows a microscopic photograph of the optical disc A, 
Fig. 5 shows a microscopic photograph of the optical 
disc B, and Fig. 6 shows a microscopic photograph of 
the optical disc C. It should be noted that the microscop- 
ic photographs shown in Fig. 4 to Fig. 6 were obtained 
by photographic the optical disc surfaces from the side 
of the light transmitting layer 6. 
[0047] In the microscopic photograph of Fig. 4, it is 
possible to observe in the optical disc A numerous black 
spots representing pin holes formed by dissolving out of 
the organic material from the recording layer 4 into the 
light transmitting layer 6. Moreover, in the microscopic 
photograph of Fig. 5, it is also possible to observe black 
spots representing pin holes in the optical disc B. How- 
ever, in the microscopic photograph of Fig. 6, no black 
spots representing pin holes are observed in the optical 
disc C. 

[0048] This shows that it is possible to assure preven- 
tion of the dissolving of the organic material from the 
recording layer 4 by increasing the thickness of the di- 
electric layer 5. Moreover, when the dielectric layer 5 is 
formed from Si0 2 , it has been confirmed that prevention 
of dissolving of the organic material from the recording 



material can be assured by making the film thickness of 
the dielectric layer 100 nm. 

[0049] Here, the microscopic photographs of Fig. 4 to 
Fig. 6 show examples of write-once optical disc having 
5 the dielectric layer 5 made from Si0 2 . For this, in the 
present invention, Fig. 4 to Fig, 6 do not show that the 
thickness of the dielectric layer 5 not less than 100 nm 
is not indispensable condition. That is, the thickness re- 
quired of the dielectric layer 5 differs depending on the 
10 material constituting the dielectric layer 5, the formation 
method of the dielectric layer 5, the material constituting 
the light transmitting layer 6, and the like. 
[0050] On the other hand, in the aforementioned 
write-once optical disc 1 , the reflection layer 3 is ar- 
15 ranged on the substrate 2 so as to increase the reflect- 
ance of the laser beam applied from the side of the light 
transmitting layer 6 during recording/reproducing. How- 
ever, the reflection layer 3 need not be arranged in the 
aforementioned write-once optical disc 1 when the re- 
cording layer 4 has a sufficiently high reflectance. That 
is, the write-once optical disc 1 may be constituted by 
the recording layer 4, the dielectric layer 5, and the light 
transmitting layer 6 which are successively layered on 
the substrate 2. 

[0051] More specifically, It is possible to control the 
reflectance of the recording layer 4 by modifying the film 
thickness of the recording layer 4 containing the organic 
material and it is possible to obtain a write-once optical 
disc 1 having a desired reflectance without providing the 
reflection layer 3. For example, the relationship between 
the organic film thickness containing an organic material 
and the reflectance of the organic film shown in Fig. 7 
shows that it is possible to control the reflectance of the 
organic film not less than 20 % by selecting an appro- 
priate thickness of the organic film. It should be noted 
that Fig. 7 shows calculation results assuming that a la- 
ser beam having a wavelength of 650 nm is applied to 
an optical disc including an organic film whose both sur- 
faces are sandwiched by a glass or polycarbonate hav- 
ing a refractive index 1 .46 and assuming that the organic 
film has a refractive index 3.0 and an extinction coeffi- 
cient 0.06. Accordingly, in a recording/reproducing sys- 
tem defined in such a way that the laser beam for re- 
cording/reproducing has a reflectance of about 20 %, it 
is possible to obtain a desired reflectance by the record- 
ing layer 4 containing an organic material and realize an 
accurate recording and reproducing without providing 
the reflection layer 3. 

[0052] Moreover, in the write-once optical disc 1, 
since the organic material has a low thermal conductiv- 
ity, the reflection layer 3 has almost no role of controlling 
the thermal characteristic of the recording layer 4. Ac- 
cordingly, absence of the reflection film 3 does not cause 
any significant change in the recording characteristic. 
Furthermore, when the reflection layer 3 is not arranged, 
it is possible to reduce the number of production steps 
for producing the write-once optical disc 1 , which in turn 
significantly reduces the production cost. 
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[0053] By the way, in the aforementioned write-once 
optical disc 1 , by providing the dielectric layer 5 between 
the recording layer 4 and the light transmitting layer 6, 
it is possible to cause a multiple interference of the laser 
beam applied, thereby increasing a detection signal. 
The multiple interference of the laser beam applied is 
caused in the boundary between the light transmitting 
layer 6 and the dielectric layer 5 when the light transmit- 
ting layer 6 and the dielectric layer 5 have different re- 
fractive index values. 

[0054] In order to verify the detection signal amplifying 
effect of the multiple interference, a rewritable optical 
disc was prepared using a light-orientation organic ma- 
terial as the organic material. In this rewritable optical 
disc, the recording layer 4 contains as the recording ma- 
terial a light-orientation organic material whose molec- 
ular orientation is changed when subjected to polarized 
light. Moreover, in this rewritable optical disc, the dielec- 
tric layer 5 is formed from Si 3 N 4 . Moreover, in this rewri- 
table optical disc, the reflection layer 3 is made from At 
with a thickness of 100 nm. 

[0055] Here, the light-orientation organic material is a 
material in which molecules are oriented in the vertical 
direction to a linear polarization applied and the material 
after the orientation exhibits a great birefringence. The 
birefringence has a refraction index of 1 .5 and 2.0 for 
the ordinary ray axis and the extraordinary ray axis, re- 
spectively. The extinction coefficient for these axes is 
0.04. It should be noted that these optical constants may 
vary depending on the production method of the light 
orientation film. 

[0056] When producing this rewritable optical disc, 
firstly, the substrate 2 is prepared with a thickness of 1 .2 
mm by the injection molding, and the reflection layer 3 
is formed from Al on the substrate 2. The reflection layer 
3 is formed in the DC magnetron sputtering apparatus. 
In this DC magnetron sputtering apparatus, the sub- 
strate 2 is set on a holder in such a manner that it can 
be rotated in a vacuum chamber. After the vacuum 
chamber is made vacuum, Ar gas is introduced at a flow 
rate of 100 seem to obtain a gas pressure of 0.2 Pa in 
the vacuum chamber. In this state, an Al target is used 
for performing the DC magnetron sputtering with 1 kW 
power for 5 minutes, thereby forming the reflection layer 
3 from Al with a thickness of 100 nm. 
[0057] Next, the light-orientation organic material is 
dissolved in 2.2.3.3 - tetrafluoro - 1 - propanol so as to 
obtain a 30 g/l paint, which is used to form the recording 
layer 4 by the spin coat method. Here, the substrate hav- 
ing the reflection layer 3 is fixed on a turn table, which 
is rotated at 20 rpm while the paint is dipped onto the 
inner circumference of the substrate. After that, the turn 
table is rotated at 5000 rpm for 5 seconds. With this, it 
is possible to form a recording layer having a thickness 
of 120 nm on the reflection layer 3. 
[0058] Next, the dielectric layer 5 is formed from Si 3 N 4 
on the recording layer 4. The dielectric layers is formed 
in an RF magnetron sputtering apparatus. In this RF 



magnetron sputtering apparatus, the substrate 2 is re- 
tained set on a holder so that it can be properly rotated 
in a vacuum chamber. After the vacuum chamber is 
made vacuum, Ar gas is introduced at a flow rate of 1 80 
s seem and N 2 gas is introduced at a flow rate of 40 seem 
so as to obtain a gas pressure of 0.3 Pa in the vacuum 
chamber. In this state, a Si target is used to perform RF 
magnetron sputtering with 1 kW power for 13 minutes 
and 45 seconds, thereby forming the dielectric layer 
10 from Si 3 N 4 with a thickness of 120 nm. 

[0059] Next, a paint containing an ultraviolet ray hard- 
ening type resin to apply the paint with a predetermined 
thickness by the spin coat method. After that, an ultra- 
violet ray is applied to the paint to form the light trans- 
'5 mitting layer 6 on the dielectric layer 5. Here, the spin 
coat method can be performed in the same way as when 
forming the aforementioned recording layer 4. Thus, it 
is possible to form the light transmitting layer 6 with a 
thickness of 100 u,m on the dielectric layer 5. It should 
be noted that the light transmitting layer 6 can also be 
formed with a large film thickness by performing the spin 
coat method a plurality of times. 
[0060] It should be noted that when arranging a sec- 
ond dielectric layer between the reflection layer 3 and 
the recording layer 4, the RF magnetron sputtering ap- 
paratus used when forming the dielectric layer 5 is used 
after forming the reflection layer 3 and before forming 
the recording layer 4. Here, the RF magnetron sputter- 
ing apparatus is used under the same condition as when 
forming the dielectric layers. However, the second die- 
lectric layer may be thinner than the aforementioned di- 
electric layer 5 and the film formation time is set to 2 
minutes and 30 seconds to obtain a film thickness of 20 
nm. 

[0061] Here, explanation will be given on an operation 
principle of the recording layer formed by using a light- 
orientation organic material with reference to an exper- 
iment system shown in Fig. 8 . In the experiment system 
shown in fig. 8, a light-orientation film 10 is arranged 
between a polarization plate 11 arranged with a relative 
angle of 90° and analyzer 12, so as to detect a trans- 
mitting light amount of the light-orientation film 10. The 
transmitting light amount is determined by measuring 
the laser L emitted from a He-Ne laser oscillator 1 3 using 
a detector 14, When the light-orientation film 10 is not 
oriented, the transmitting light amount of the laser L is 
0. Moreover, when the light-orientation film 10 is orient- 
ed with inclination of 45 ° against the polarization plate 
11 , because of the birefringence of the light-orientation 
organic material, the detection light is observed with the 
laser L polarization plane rotated. Furthermore, when 
the light-orientation film 10 exhibits a birefringence 
equivalent to A/2 against the laser wavelength, for ex- 
ample, 633 nm, the incident linear polarization is rotated 
by 90° theoretically and the maxim detection light 
amount is obtained. That is, when this state is applied 
to the rewritable optical disc, it is possible to obtain a 
maximum modulation factor. 
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[0062J However, in a rewritable optical disc, when the 
recording film 4 has a small film thickness or small bire- 
fringence, the phase change is smaller than A/2 and ac- 
cordingly, the modulation factor is reduced. In such a 
case, in the rewritable optical disc, the multiple interfer- s 
ence by the dielectric layer 5 operates effectively. That 
is, a multiple interference is caused on the boundary be- 
tween the dielectric layer 5 and the light transmitting lay- 
er 6, which can amplify the modulation factor in the re- 
writable optical disc. 10 
[0063] More specifically, an example is shown in an 
optical system of an actual optical disc. The optical disc 
includes a recording film and a reflection film and serves 
as an optical system equivalent to the one reflected by 
the disc in Fig. 8, That is, a beam splitter is arranged '5 
between the optical disc and the polarization plate, so 
that a reflected light is detected via a analyzer by a de- 
tector. Here, the reflection film is made from a material 
having a high reflectance such as Al (3 in Fig. 3). Fig. 9 
shows the reflecting light quantity detected when the 20 
aforementioned optical system is provided with a laser 
having wavelength of 633 nm as a light source with re- 
spect to a disc including a light-orientation film having a 
film thickness of 1 20 nm and an Al film thickness of 1 00 
nm. It should be noted that the horizontal axis repre- 25 
sents the film thickness of the Si 3 N 4 film (5 in Fig. 3) 
arranged adjacent to the recording film (4 in Fig. 3) and 
the vertical axis represents a reflection light from a disc 
having only an Al reflection film which light has been nor- 
malized by the light quantity detected with the analyzer 30 
rotated by 90°. Moreover, in Fig, 9, the solid line shows 
the configuration of Fig. 3 while the dashed line shows 
the case when a Si 3 N 4 film (7 in Fig. 10) having a film 
thickness of 20 nm is further provided between the re- 
cording film and the reflection film. 35 
[0064] As shown in Fig. 9, when the dielectric layer 5 
is absent (contact point of solid line with the y axis in 
Fig. 9), the reflecting light quantity is about 0.33 but 
when the dielectric layer 5 is present (solid line in Fig. 
9), there is apparently the effect of multiple interference. *o 
When the film thickness is about 125 nm, the reflecting 
light quantity reaches 0.45. This shows that in a rewri- 
table optical disc, it is possible to obtain the effect to 
amplify a detection signal by providing the dielectric lay- 
er 5. Moreover, in the rewritable optical disc, by adjust- *s 
ing the film thickness of the dielectric layer 5, it is pos- 
sible to significantly improve the signal amplitude. Fur- 
thermore, the dashed line in Fig. 9 shows a case when 
the dielectric film 7 is provided between the recording 
film and the reflection film. so 
[0065] !t should be noted that these effects can also 
be obtained not only in a rewritable optical disc but also 
in the aforementioned write-once optical disc 1 . When 
an organic pigment material is used in the recording lay- 
er 4, the refraction index of the organic pigment material 55 
is changed according to a recording state or unrecorded 
state, resulting in different optical path, which causes a 
light interference. By observing the modulation caused 



by diffraction, it is possible to reproduce a signal. This 
is because generation of the multiple interference ena- 
bles to increase the effective optical path even when the 
refraction index change is small and as a result, the de- 
tection signal can be amplified. 
[0066] It should be noted that in the experiment sys- 
tem shown in Fig. 8, the detection light intensity is ob- 
tained without focusing the laser L. However, the similar 
effect can also be obtained in the focusing optical sys- 
tem such as the aforementioned write-once optical disc 
and the rewritable optical disc. Moreover, the sjmilar ef- 
fect can be expected even when using a dielectric ma- 
terial other than Si 3 N 4 for the dielectric layer 5. Further- 
more, in this experiment system, the laser used for re- 
cording has a wavelength of 532 nm and the laser used 
for reproducing has a wavelength of 633 nm. However, 
the similar effect can be obtained by any wavelength of 
the laser. Moreover, it Is also possible to perform record- 
ing and reproducing using a laser of the same wave- 
length. Furthermore, the optimal thickness of the dielec- 
tric layer 5 depends on the laser wavelength and it is 
preferable to set a thickness according to the laser 
wavelength to be used. By the way, the optical recording 
medium according to the present invention is not to be 
limited to an optical disc having the configuration of the 
aforementioned write-once optical disc and the rewrita- 
ble optical disc. That is, the optical recording medium 
according to the present invention may be a write-once 
optical disc 20 including the dielectric layer 7 between 
the recording layer 4 and the reflection layer 3 as shown 
in Fig. 10. 

[0067] That is, the write-once optical disc 20 includes 
the reflection layer 3, the dielectric layer 7, the recording 
layer 4, and the light transmitting layer 6 which are suc- 
cessively layered on the substrate 2. Here, the light-ori- 
entation organic material contained in the recording lay- 
er 4 normally cannot be dissolved in alcohol solvent. For 
this, in this case, the recording layer 4 is formed by spin- 
coating a paint prepared from an organic material solved 
in a solvent such as tetrahydrofuran. 
[0068] The solvent such as tetrahydrofuran, when 
brought into contact with the reflection layer 3 and the 
substrate 2, may deteriorate the metal material of the 
reflection layer 3 or dissolve the substrate 2. When the 
metal material of the reflection layer 3 is deteriorated, it 
becomes impossible to obtain a desired reflectance, dis- 
abling to obtain a desired recording/reproducing char- 
acteristic. Moreover, when the substrate 2 is dissolved, 
the groove and the pit string formed on the substrate 2 
are deformed and denatured, disabling to obtain an ex- 
cellent recording/reproducing characteristic. 
[0069] However, in this write-once optical disc 20, as 
the dielectric layer 7 is provided between the reflection 
layer 3 and the recording layer 4, the solvent of the re- 
flection layer 3 such as tetrahydrofuran will not deterio- 
rate the metal material of the reflection layer 3. Moreo- 
ver, even when the reflection layer 3 is absent, the die- 
lectric layer 7 can prevent dissolving of the substrate 2. 
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For this, the write-once optical disc 20 can exhibit an 
excellent recording/reproducing characteristic. 
[0070] Moreover, in this write-once optical disc 20 al- 
so, it is possible to obtain the effect of multiple interfer- 
ence by the dielectric layer 7 and accordingly, to signif- 
icantly amplify a detection signal during reproducing, 
Furthermore, in this case, by adjusting the thickness of 
the dielectric layer 7, it is possible to further amplify the 
effect of the signal amplification as has been described 
above, 

[0071] By the way, the present invention Is not to be 
limited to an optical recording medium having the light 
transmitting layer 6 to which a laser beam is applied from 
the side of the light transmitting layer 6 for recording and 
reproducing. That is, the present invention can also be 
applied to an optical recording medium to which a laser 
beam is applied from the side of the substrate 2 during 
recording and reproducing. In this case also, in the same 
way as has. been described above, the dielectric layer 
can prevent dissolving of the organic material contained 
in the recording layer as well as dissolving of the sub- 
strate. 

[0072] As is clear from the aforementioned, in the op- 
tical recording medium according to the present inven- 
tion, the organic material contained in the recording lay- 
er is protected by the dielectric layer. Accordingly, in the 
optical recording medium according to the present in- 
vention, it is possible to prevent dissolving of the organic 
material or dissolving of a material constituting a layer 
adjacent to the recording layer. For this, the optical re- 
cording medium according to the present invention can 
exhibit a high reliability and an excellent recording/re- 
producing characteristic. 



Claims 

1. An optical recording medium comprising a record- 
ing layer made from an organic material, a dielectric 
layer, and a light transmitting layer which are suc- 
cessively layered on a substrate in which a record- 
ing/reproducing light is applied from the light trans- 
mitting layer. 

2. The optical recording medium as claimed in Claim 
1 , the medium further comprising a reflection layer 
arranged between the substrate and the recording 
layer. 

3. The optical recording medium as claimed in Claim 

1 , the medium further comprising a dielectric layer 
arranged between the substrate and the recording 

. layer. 

4. The optical recording medium as claimed in Claim 

2, the medium further comprising a dielectric layer 
arranged between the reflection layer and the re- 
cording layer. 



5. The optical recording medium as claimed in Claim 
1 , wherein the organic material Is an organic pig- 
ment-system material. 

5 6. The optical recording medium as claimed in Claim 
1 , wherein the organic material is an organic light- 
orientation material in which molecular orientation 
is changed when subjected to a polarized light. 

w 
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